D
espite the current downturn in the economy, the United States has been enjoying a period of unprecedented economic prosperity. At the same time, our biodiversity assets are increasingly at risk. Approximately 100 species in the United States have become extinct, and fully one-third of our native species of vertebrates, flowering plants, and certain invertebrate groups are of conservation concern . Roughly half of our natural community types are at similar risk, and 27 ecosystems have declined in area by 98 percent or more since European colonization (Noss et al. 1995 , Bryer et al. 2000 . The number of threatened and endangered species has increased more than sevenfold from 174 in 1976 to 1244 as of November 2000 (figure 1; USFWS 1976; see also http://endangered.fws.gov/wildlife. html) . Loss of habitat is the single largest cause of species endangerment (Wilcove et al. 1998) .
This high level of risk to species and ecosystems exists despite a long history of conservation in the United States, some examples of which include the placement of 5 percent (421,643 square kilometers [km 2 ]) of the land area of the coterminous United States into nature reserves, extensive public land holdings (including approximately 25 percent in federal ownership; Scott et al. 2001) , numerous laws and regulations to protect species and their habitats, and more than 4000 private and public organizations dedicated to conservation activities (NWF 2002) .
Less than half of the mapped vegetation cover types in the United States have at least 10 percent of their current area in nature reserves (e.g., national parks, wilderness areas, wildlife refuges), a widely cited standard in the international community (Scott et al. 2001 ) but one that is not biologically defensible (Soulé and Sanjayan 1998) . The continuing loss of habitat, together with the ecologically biased occurrence of existing nature reserves (e.g., a preponderance of high altitude, poor soil areas) and the failure of the current system to include all at-risk native species and natural community types, has prompted efforts to identify comprehensive systems of habitat conservation areas that could represent those ecosystems and habitats necessary for the survival of at-risk species (Scott et al. 1993 , Cox et al. 1994 , Defenders of Wildlife 1998 , TNC 1998 , Soulé and Terborgh 1999 . Having an ecologically and taxonomically comprehensive system of nature reserves in the United States is an unfulfilled objective that dates back to at least 1917 (Shelford 1926) .
The vast majority of public lands are federally owned and are not managed primarily for biodiversity conservation. Nevertheless, the Endangered Species Act and other laws (National Forest Management Act, Federal Land Planning and Management Act, National Wildlife Refuge Improvement Act) provide a strong mandate for federal land management to take account of the needs of threatened and endangered species. In any event, the conservation of biodiversity on existing federal lands does not entail land acquisition costs.
The least protected areas in the United States are at low elevations and have more productive soils. About 50 percent of these lands, which are overwhelmingly in private ownership, (Scott et al. 2001) . Approximately 40 percent of species that are listed as imperiled, threatened, or endangered are not known to inhabit federal lands. Moreover, 67 percent of the populations of these at-risk species are not known to occur on federal lands (Groves et al. 2000) . Similar patterns of occurrence on private lands are likely to be found for at-risk plant communities. Clearly, any comprehensive habitat conservation system will require significant conservation efforts on private lands.
The options for protection of species and ecosystems at risk on private lands range from government regulation to land acquisition to incentive-based voluntary approaches. Whatever the means of protection ultimately employed, a comprehensive habitat conservation system would include multiple, self-sustaining occurrences of all natural community types, as well as multiple populations-large enough to be resilient to the pernicious genetic and demographic effects of small numbers (Shaffer and Stein 2000) -of all at-risk species throughout their range. Lands in such a system would need to be managed to ensure that the elements of biodiversity for which they were established are maintained. James and colleagues (2001) estimated the cost of a global habitat system at $21.5 billion per year. Their assessment is based on the World Conservation Union (IUCN) guideline that recommends that 10 percent of each ecosystem be strictly protected, with an additional 5 percent as buffers. In this article, we estimate the cost of a comprehensive habitat system in the United States. Our estimates are what economists would call the "engineering costs" for bringing sufficient habitat areas under protection; they do not consider the opportunity costs associated with such an effort. Nonetheless, we believe these estimates are an important first step in understanding the overall costs of a national habitat system and provide an initial stepping-stone to a fuller analysis of all economic costs and benefits.
Our analysis is based on emerging large-scale habitat conservation planning efforts in the United States, which suggest that 20 percent to 30 percent of the land in any state or ecoregion is a more appropriate target for biologically viable habitat area systems than the 10 percent suggested by the IUCN. Because the Endangered Species Act already provides authority to regulate the use of private property to maintain listed species, our analysis focuses on the acquisition and incentivebased protection options for conserving the necessary lands. We also compare the costs of this endeavor with other major public infrastructure and environmental investments.
Emerging data-based efforts to design comprehensive systems of habitat conservation areas now provide the basis for first approximation estimates of the scale of such systems. The data for these efforts come primarily from the quarter century of work by the network of state Natural Heritage programs to compile comprehensive records of known occurrences of rare plant and animal species and natural community types in each state . To estimate the amount of land needed for a comprehensive nationwide system of habitat conservation areas, we reviewed planning studies covering two states, Florida (Cox et al. 1994) and Oregon (Defenders of Wildlife 1998), and one ecoregion, the central shortgrass prairie (TNC 1998) .
We chose these studies for several reasons. First, the results from these studies had been published. Similar efforts were under way elsewhere but had not been completed when we undertook this analysis. Second, the areas covered in these three studies differ significantly in their ecological characteristics, covering a broad array of ecosystems and taxa. Third, each area is nominally representative of its geographic region in terms of the relative proportion of land in public versus private ownership (i.e., a small proportion of public land in the eastern United States, almost no public lands in the Midwest, and a large proportion in the West). Fourth, each study was an independent effort that used somewhat different methodologies in pursuit of the same goal, namely, to identify from Natural Heritage data and other sources a minimum set of habitat areas, regardless of their ownership, that would offer the best opportunity to conserve all natural vegetation types and habitat for all at-risk species within the state or ecoregion. Finally, all of these studies embody the underlying principles of representation, resiliency, and redundancy in identifying habitat areas as conservation targets. These principles have been suggested as fundamental to both the effectiveness of systems of habitat conservation areas (Pressey et al. 1993, Shaffer and and the viability of individual species (Shaffer et al. 2002) . Because of these considerations, we expect that the results of these studies will be broadly representative of many similar efforts in other areas of the country.
The percentage of land in each state or ecoregion, both public and private, identified in these studies as essential for habitat conservation varied from 22.5 percent in the central shortgrass prairie to 33 percent in Florida. The percentage of essential lands that are currently in private ownership varied from 31.4 percent in Oregon to 85 percent in the central shortgrass prairie (Cox et al. 1994 , Defenders of Wildlife 1998 , TNC 1998 . Extrapolating these percentages to the remainder of the lower 48 states indicates, as a first approximation, that roughly 25 percent of the land in the coterminous United States would be identified as necessary for a comprehensive national system of habitat conservation areas, and that roughly half of the land area of that system is currently in private ownership. This is an important result, because it is more than twice as much as recommended by the IUCN guideline of 10 percent currently in use in international circles (James et al. 2001) . Given a land area of 7,654,479 km 2 in the coterminous United States, this yields an estimate of 1,913,620 km 2 for a comprehensive national system of habitat conservation areas, of which 956,810 km 2 is likely to be in private ownership. This represents approximately 18 percent of privately owned land in the United States.
Currently, conservation of privately owned habitat for threatened and endangered species in the United States is accomplished primarily through one of three strategies: regulation, acquisition, or nonregulatory, incentive-based approaches (Bean 2000) . Most regulatory habitat conservation for endangered species is accomplished through the Habitat Conservation Plan (Hood 1998) . In this process, private land owners proposing conversion of habitat occupied by listed species receive a permit for incidental take of the species in question in return for a plan that provides for the protection of an amount of habitat that the US Fish and Wildlife Service or National Marine Fisheries Service deems adequate to maintain the species. Land acquisition (fee-simple or easement) is undertaken by both public and private institutions (e.g., The Nature Conservancy, local land trusts). Nonregulatory, incentive-based approaches rely primarily on the collateral benefits of enhanced stewardship of private agricultural and forest lands under various conservation titles of the Farm Bill (e.g., Conservation Reserve Program, Wildlife Habitat Incentives Program, Forest Legacy Program) and similar state-based programs.
All of these methods provide tools for stabilizing and improving habitat for endangered and threatened species. However, the costs of these strategies to date, both to the public and to private parties, have not been fully documented. Although all of these efforts are significant in scope and critically important to the overall conservation effort, they are clearly not keeping pace with the problem, as evidenced by the continuing need to list additional species.
The analysis presented here focuses on estimating the overall costs of completing a nationwide system of habitat conservation areas through a more proactive program of acquisition (fee-simple or easement) or rental of habitat areas not already in conservation status. Our estimates are for a system that would encompass all natural community types and all at-risk species, even those that are not yet listed as threatened or endangered but will probably require listing unless additional protection is undertaken. In this sense, our estimate can be viewed as the cost of the habitat portion of an overall biodiversity conservation policy as opposed to simply an endangered species program. A future analysis will focus on the degree to which these costs are or can be offset by current programs.
Our cost estimates are based on two major assumptions. First, for practical reasons, it will take two to three decades to protect a comprehensive, nationwide set of habitat areas once they are identified. We therefore prorated the amount of land brought into conservation status over a 30-year period. Thus, our costs estimates are based on an annual addition to the system of 3.3 percent of the currently unprotected land area necessary for biodiversity conservation. This amounts to protecting an additional 3,189,366 hectares (ha) per year (yr).
Second, it is assumed that the bulk of private lands necessary for a comprehensive system are located predominately in rural areas and would be available for purchase or rent at average market prices for land. Because many at-risk species occur within highly developed or rapidly urbanizing areas (Dobson et al. 1997 , Ando et al. 1998 , Chaplin et al. 2000 , this cost estimate may be conservative in the aggregate, but it is unlikely to distort the relative costs among protection options (i.e., expensive land is expensive whether bought or rented).
As of March 2000, the estimated national average feesimple values for crop and pasture land were $3558 per ha and $1277 per ha, respectively (USDA 2000) . Assuming that private forest land costs roughly the same as pasture land, we used the average of these two values ($2418 per ha) to estimate the cost for fee-simple acquisition of all necessary lands. Easement costs can range from 30 percent to 70 percent of fee-simple acquisition costs. To provide a robust estimate of costs, we chose to use the upper end of this range, or $1693 (70 percent of the cost for fee-simple acquisition). Land rental costs are based on the average ($94 per ha per yr) of the estimated 1999 cash rental rates for crop ($166 per ha per yr) and pasture ($22 per ha per yr) land, respectively (USDA 1999 ). Annual public land management costs for lands once acquired in fee-simple are estimated at $22.73 per ha per yr (Main et al. 1999) . All costs are adjusted to reflect an estimated 3 percent annual inflation rate.
In table 1, the estimated annual and cumulative costs of protecting the necessary scale of private land are summarized under three options: fee-simple acquisition, permanent conservation easements, and land rental agreements. Two time periods (30 years and 40 years) are used to show the effect among alternatives on the cumulative costs of various options within and beyond a 30-year system implementation phase. In figure 2 , the cumulative cost curves are shown for the three options over the 30-and 40-year time periods.
Assuming inflation affects all protection options equally, conservation rental agreements result in the lowest cumulative protection costs ($252 billion) over the initial 30-year implementation phase. However, over the 40-year period, rental agreements prove more costly ($502 billion) on a cumulative basis than either easements ($257 billion) or even fee-simple acquisition ($488 billion, which includes annual manage-ment costs). On an annual basis, rental agreements are also the least expensive option initially, but by year 19 they exceed annual easement costs and by year 30 they exceed the annual cost of the final year of fee-simple acquisition. Although land rental agreements are always less expensive than fee-simple acquisitions, when the latter are combined with the associated management costs during the 30-year implementation phase, rental agreements are roughly four times as expensive, annually, as maintaining public lands after acquisition is complete.
In addition to comparing the relative engineering costs of various conservation options to achieve a comprehensive system of habitat conservation areas in the United States, it is also instructive to compare these costs with other public infrastructure and environmental investments (figure 3). We take the view that biodiversity, and the habitat to support it, constitutes our nation's "ecological infrastructure," which provides benefits and valuable services to the nation (Dailey 1997 , Pimentel et al. 1997 . Federal expenditures for highways averaged $21.5 billion per year for the 1997-1998 biennium (FHA 1999) . In 1994, government expenditures at the local, state, and federal levels totaled about $31.2 billion for the abatement and control of air and water pollution (Vogan 1996) . The cost of cleaning up environmental damage from the nation's nuclear weapons program has been estimated at $16.8 billion to $21.2 billion per year for 10 years (Anonymous 2000) . By contrast, the annual costs of creating a national system of habitat conservation areas under the most expensive option (fee-simple acquisition) is initially $7.8 billion. At the rate cited above, the cumulative 30-year expenditures on highways by the federal government alone would total more than $1 trillion, or nearly four times the cost of creating and maintaining a comprehensive system of habitat conservation areas for the nation under the least expensive protection option (rental agreements) over the 30-year period.
These comparisons are not presented to suggest a choice between habitat and highways or between habitat and pollution control. Rather, they are presented to provide a sense of scale when comparing the costs of achieving major social objectives of similar scope.
The last presidential campaign included much discussion of alternative uses of the federal budget surplus, which the Congressional Budget Office estimated in 2001 would reach $5.6 trillion by 2011 (Anderson 2001) . But these discussions included no serious consideration of the nation's many environmental challenges. Recovering currently endangered species and forestalling the need to list many more is proving to be one Roundtable Highways (1997-98) Nuclear weapons environmental cleanup (projected) of the most intractable environmental issues in the United States. It is also one of the most important. In fact, the Environmental Protection Agency's Science Advisory Panel rated (1) habitat alteration and destruction and (2) species extinction and the overall loss of biodiversity as two of the four highest-risk, long-term environmental problems facing society (USEPA 1990) . Although the budget surplus disappeared because of changes in federal tax policy and the tragic events of September 11, the environmental challenge remains. The initial ballpark analysis presented here makes clear that solving the habitat portion of the endangered species and biodiversity conservation problems is neither trivial nor overwhelming. A national system of habitat conservation areas in the United States could be secured for an initial annual investment between $5 billion and $8 billion, sustained over 30 years, or roughly one-fourth to one-third the cost of maintaining our national highway system over the same period.
The debate over society's many competing priorities will continue. It is our hope that the opportunity-and the urgency of the need-to address one of our most serious environmental problems can find its way into that debate.
